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Electroslag Surfacing: A Potential Process for .
Rebuilding and Restoration of Ship Components

D. W. Yu, Visitor, and J. H. Devletian, visitor, Oregon Graduate Center, Seawton, CR

ABSTRACT

Wth construction of new commer-

cial ships in U S. shipyards at en
all-time low and Congressional appro-
priations insufficient to maintain a

U.S. fleet of 600 ships, the priorities
of the surviving US. shipyards are
changing fromthat of shipbuilding to
ship rebuilding, restoration and re-
pair.

resents a review of
the international literature on the
most recent devel opments in thick sec-
tion surfacing by electroslag surfacing
(ESS) wusing strip or wire electrodes.
The advantages of this new y-devel oped
technique from Japan are explained in
conparison wth the conventional sur-
facing processes, such as submerged arc
surfacing (SAS). A nunber of innova-
tions and aPpI|cations inthis area are
introduced to enphasize the substantial
econoni cal advantage of strip ESS for
ship repair end manufacturing.

Thi s paper

ESS with strip electrodes is cap-
able of overlaying a wide variety of
corrosion and/or wear--resistant depos-
its on structural ship components wth
half the dilution level and twice the
deposition rate of its closest competi-
tor, SAS. Because of its significant
econonmical merits, strip ESS has al-
ready becone the dom nant thick-section
surfacing process in many industrial-
ized countries, particularly in Japan,
the Soviet Union and parts of Europe.

NOVENCLATURE

ESS -- Electroslag Surfacing
ESW -- Electroslag Vel ding
ESR -- Electroslag Renelting
SAS -- Submerged Arc Surfaclng
SMAW - - Shi el ded Metal Arc Vel ding
GVAW - - was Metal Arc Wl ding
| NTRODUCTI ON

The future requirement for
Ships forecast by the Association of
West European Shipbuilders (1) inplies
over a third of the world's shipyard

new
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capaci ;?/ active in 1985 will have to
close if it is to be brought into line
with demand. The Japanese shi pbuil ders
have tried to naintain their capacity
to neet the predicted market upturn in
the early 1990 s. The south Korean
shi pbuilding industry has flourished
since 1978, and a concCerted sales drive
is presently under wa){ to utilize es
much capacity as possible.

Unfortunately, international com
petition and foreign |abor rates have
put virtuallv all comrercial shiubuild-
ing contracts out of reach for U S
shi pbuilders (2,3). This has created a
fiercely conpetitive environment for
the dwindling US. Naval contracts.
Wth construction of new conmerci al

ships in US. shipyards et an all-time
| ow and Congressional appropriations
insufficient to maintain a US fleet

of 600 ships (4),
surviving U.S.
from that of

ship
pair.

the priorities of the
shi pyards are changi n?
shipbuilding to that o

rebuilding, restoration and re-

Various surfacing processes have
been utilized to repair and rebuild
corroded or worn ship conponents. The
near-future need for nore econoni cal
repairing methods must be increasingly
enmphasi zed in order to remain conpeti-

tive internationally. Surfacing by the
Shielded Metal Arc Welding (S and
Gas Metal Arc Velding (GNAW techni ques
are labor intensive with little oppor-
tunity for innovation and inprovenent.
For many years, SAS with strip elec-
trodes was considered the nost cost-

effective method to overlay large com
ponents, such as ship propeller shafts,
and now still prevails in the United
states. The Japanese and Soviet ship-
bui | ders, in particular, have devel oped
hi le cost-effective nethodologies to
rebuild large ship conponents using an
i nnovative concept known es "Electro-
slag Surfacing". Strip ESS exhibits
substantial advantages over strip SAS
in the areas of "recess control. sur-
facing quality and econonic produotiv-
ity. It has conpletely replaced the
| ess econonmcal surfacing methods in



Japan and the Soviet Union,
to be "discovered" in US. shipyards
and manufacturing industries. Infact,
except for the current program spon-
sored by the National Coastal Research
and Devel opment Institute at the Oregon
G aduate center, virtually none of
Anerica's manufacturing and shipbuild-
ing industries have benefited fromthis
new technol ogy.

but has yet

Due to the relative newness of

ESS, the terminology throughout the
world varies. For ‘exanple, ESS is
comonly referred to as (1) resistance

el ectroslag surfacing, (2) electroslag
overlay welding, and (3) electroslag
cl addi ng. The "strip" term is often
added into these termnol ogi es because
filler metals are commonly utilized in
the formof strip material.

In 1980, Kawasaki Steel (5) of
Japan first developed a reliable stri
ESS process and registered severa
patents in the Wstern world. This
technique rapidly spread throughout
Japanese industries (6). Several west-
ern European countries al so adopted
this process and are conmercially manu-
facturing standard ESS equi pnent.

For the last seven years, a great
number of innovations in ESS have been
devel oped. However, it is surprising

that strip ESS had not caught on in
American industries. In 1985 Forsberg
of Sandvik Steel published the first
article about this technique in an
Anerican journal (7). Since thattine,
the manual, sem -automatic and SAS
met hods continue to donminate virtually
all  overlaying applications in the
United States.

The purpose of this study is to
critically review the international
literature on ESS and strip ESS. O
particular enphasis will be the flux
chem stries and the electrochenical
reactions that ate associated with this
processing innovation. The advantages
of surfacing with the strip ESS method
will be reported. Aso included wll
be the results ofprelimnary studies
on strip ESS for practical applications
on ships currently underway at O egon
G aduate Center.

Rj—léRACT ERISTICS OF ELECTROSLAG SURFAC

Al though the strip ESS process is
new, the fundamental principle of ESS
is simlar to that of the E ectroslag
Wel ding (ESW and Electroslag Renmelting
(ESR) " processes. Heat is generated by
ohmc heating of a resistive slag by
the passage of an electric current
through a strip electrode, which is
continuously fed into the nolten slag
pool . Figure 1 shows a schematic dia-
gram of the ESS process.
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Fig. 1 Diagram of the Electroslag

Surfacing process

Consi derable differences in proc-
ess detail exists between ESW and ESS.
These i ncl ude:

(1) Wlding position in ESW is ver-
tical or near-vertical, whereas
ESS is performed in the flat posi-
tion:

The depth of slag pool and base
metal dilution are substantial in
ESW whereas ESS requires only a
shal l ow slag pool and produces |ow
dilution:

The chemcal conposition of elec-
trodes in ESW are usually sinilar

2}

(3)

to that of the base nmetal, whereas

in ESS, they may (or may not) be

substantially different; and
f4) Travel speed in the ESS process is

about 10 to 15 times greater than

conventional ESW

The process appearance of stri
ESS is nearly identical to that o
striP SAS, except SAS is primarily
arc-functioning while ESS is general IR}/
arcless and “produces heat "by I
ohm c) heating of the nolten slag.
wever, strip ESS exhibits a series of

advant ages over strip SAS in providing
low dilution deposits, high deposition
rates and better productivity.

~ The first inportant feature of
strip ESS is low dilution in the depos-
its. 1" any surfacing process, a crit-

ical factor requiring precise control
is the dilution ratio. The term "di-
lution ratio", is expressed as:

% Dilution = B/ (A + B) x 100
where A is the cross sectional area of
reinforcenent of. deposits above the



base metal surface, end B is the cross
sectional area of the nelted base netal
bel ow the workpiece surface. In terms
of surfacing, it is necessary to keep
low dilution |evels because the sur-
faced layer has to maintain its desired
i nherent properties, |ike wear the Cor-
rosion resistance. I" SAS, tne arc
tends to penetrate nmore deeply end nelt
nore base netal in conparison to ESS.
For. exnple, the strip SAS process
typically produces a dilution ratio of
18% at a current density of 25 A/ mmi
(16.1 kA/in’), conpared to approxinate-
ly a 9% dilution ratio for the strip
ESS process et 41.Ami(26.5 kA/in?)
(8). Thus, the chenical conposition of
the overlay deposited by ESS will nore
cl oslely resenble that of the filler
met al .

feature of
whi ch
density.

The second inportant
ESS is its high deposition rate,
is a function of the current
The use of a high current density In
the SAS process will effectively nake
the arc hotter and stiffer, thus caus-
ing it to penetrate nore deeply into
the workpiece to increase the dilution
ratio. On the other hand, the strip
ESS process allows the use of al nost
doubl'e the current density to produce a
nmuch higher deposition rate while Still
maintaining a lower dilution |evel.
This desirable conmbination of a high
deposition rate and a |ow base netal
dilution was the min incentive for
Japanese industries to elimnate SAS in
favor of ESS.

The third inportant feature of ESS
is the feasibility of single |ayer
deposi tion By virtue of its |ow dilu-
tion and high ‘deposition rate, surfac-
ing can be nost economically attained
for the desired thickness of a corro-
sion or wear resistant layer with a
designed chemi cal conposition. Since
the dilution level for strip ESS is
almost half that of strip SAS, the
strip ESS process can nore [ikely elim
inate the necessity for nultiple |ayer

deposits and result in greater cost
effectiveness, Furthernore, thin over-
lays (about 3 mmor 1/8 in. thick) are

far more advantageous by ESS because
dilution decreases with overlay thick-
ness for ESS but increases by SAS.

Further econom cal advantage is
gained by the use of wde strip which
eposits a greater surface area per
unit tine. Large strip widths (> 60 nm
12.4 in.]) are particularly nore diffi-
cult to apply by SAS than ESS.

SAS process, the arc is struck at one
corner of the strip and then starts
traversing the entire width of the

strip (5.9?. The strip is consuned by
the oscillatory novenent of the arc
across the strip. However, in ESS the

strip is consumed uniformy across its
entire width. This phenonenon is

11A-3

illustrated in Figure 2 (5). The nove-
ment of the arc in SAS is not necessar-
ily uniform and |eads to inconsistent
penetration and |ack of fusion. For
this reason, SAS has been linmted to a
strip width of 75 mm whereas using
strips es wide as 300 nm (11.8 in.) is

not uncommon in ESS. A conparison
between the strip ESS and SAS process
is presented in Table I.
Strip SAS
electrode
Flux Arc‘\ Flux
e e———
Base netal
Strip ESS
electrode
Flux Flux
!Holten slag pon%
Base netal
Fig. 2 Penetration characteristics

of SAS and ESS

FURTHER | NNOVATI ONS I N ESS FROM JAPAN

External Magnetic Field for ESS

In 1980, Nakano and his colleagues
in Japan (5) first developed an elec-
tromagnetic controlled strip ESS method
call ed the MAGLAY process. Curing

surfacing with wide strips (> 60 mm
[2.4 in]), the formation of undercut-
ting and lack of fusion defects were

found to be related to the flow pattern
of molten slag and netal, which is
driven by the el ectromagnetic force
i nduced by the high values of the sur-

facing current. Electric current,
flowing parallel fromthe strip to the
bottom of the nolten pool, makes both
slag and netal nove from the edges of
the-pool toward the center as 1llus-
trated in Figure 3. To counteract this
force in the MAGLAY process, two direct
current coils are nounted adjacent to
the edges of the strip electrode re-
sulting in counterbal ancing nagnetic
forces. The use of an external mag-
netic field effectively(a) avoids
undercut tie-ins,
(b) elimnates slag entrapment, and

(c) produces a nore uniform thickness
of ~ overlay.

The MAGLAY process was patented in
both Japan and Europe, and adopted as



Table | Conparison between subnerged arc surfacing and el ectroslag surfacing
with stainless steel strip electrodes (6)

SAS ESS
Strip: dimension &rm) 60 x 0.5 60 x 0.5
carbon content (% 0. 015 0.015
Parameters: | (A 750 1250
v ( , 26 24
v (cmnn) 10 16
Current density (A m) 25 41.7
Heat input (KJ/cm 117 112.5
(KJ/ cnf) 19.5 18.7
Bead thickness () 4.5 4.5
Dilution (% 16 9
Deposition rate (Kg/h) 14 22
Fl ux consunption 0.65 0.5
Carbon content of single deposi t
| ayer (base metal: 0.18% () 0. 045 0.030

rection or
slag flow

Fig. 3 Mechanism for elimnating
undercutting by use of an
external magnetic field (5)

the classical method of strip ESS in
Europe and in. rranx ot her countries.
The strip-feeding head nade by Souda-
metal (Belgium, which is now comrer-
cially avarlable in the United States,
enpl oys a mgnetic stirring device
simlar to the NAGLAY design.

"PZ" Arc-Facilitating Process
Strip surfacing at the Japan Steel

Wrks also utilizes the electroslag
mode of deposition but without the aid

of magnetic devices (6). Their process
is called "PZ" and Is illustrated in
Figure 4. The inportant feature of

strip electrode




this process is that an arc is always
maei ntained at the strip extrenities
while most of the strip U#|s still in
the electroslag node.  The auxiliary
arc facilitates bead tie-in and pene-
tration, but avoids excessive dilution
at the center of the bead caused by the
Lorentz force. The 150 mm (6 in.) wide
strips used in the "PZ" process provide

a uniformoverlay surface and a | ow
dilution level in each bead.
"HS Process"

Kobe Steel Ltd. devel oped the high

sReed overlay welding technique called
the HS Process (H gh Speed Strip, Over-
lay Velding Process) which utilizes a
strip that can be applied to an actual

vessel even as a single |ayer process
Jlo,_ In terms of efficiency, the ES
echnique is clained to utilize only a

0

75 mm (3 in.) wide electrode but com
petes attractively with the ordinary
ESS process using a 150 nmm (6 in.) wide
el ectrode.

The key points of this technique
are a high travel speed and a forward
el ectrode inclination angle. usual |y
when the electrode travel “speed exceeds
200 mmin (7.8 infmn), the electrica
transfer through the slag pool shifts
fromelectroslag to subnerged arc due
to an increase in slag resistivity with
decreasing slag superheating. The
inclination angle of the ‘electrode

ermits molten netal to enter the gap
etween the base netal and el ectrode
and produces a buffer by preventing
deep penetration into the base metal,
and reduces the dilution of the sur-
facing |ayers.

I NNOVATIONS | N THE SOVI ET UNI ON

The ESS process is also wdely
used in the Soviet Union and Eastern
Europe. A great amount of innovations
were frequently reported in their tech-
ni cal gournals.. though,nnst articles
are often lacking technical details,
their basic de3|gns and functions could

still be review
Milti-Strip Feeding
The Paton  \elding Institute

started studies on ESS with two el ec-
trode strips in the late 1970's.. This
nmet hod was virtually unknown in the
West but was wndeIY used in the Soviet
Union and the Eastern European coun-

tries (11-13), \Wen two strips are
arranged as in Figure 5 the nmolten
slag may rise between the two stri

el ectrodes and directly contact wt
air, causing_considerable convectional
agitation. Thus, the distance between
two strips has become another inportant
paraneter to be taken into account.

11A-§
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Fig. 5 Diagramillustrating deposition
with two strip electrodes: 1) parent
metal, 2) flux funnel, 3) flux feed
guide: 4) strip electrodes, 5) feed
rol ler, 6) spool, 7) current
conducting’ jaws, 8) separator,
9) flux, 101 deposited netal
11) slag, and 12) power source (12)

e elec-

ESS with nore than two wi
ted by V
h

trodes has also been repor
Mel i kov (14?. As many as 15

r

ed :
st ainl ess

steel electrodes (all 3 mm {
t
t

n
/18 i
diameter wires) Were simultaneou H
deposited over the entire width of
wor kpi ece in the downhand position
artificial  cooling. The |
steel base plates were 70 mm
thick, 500 mm (20 in.) Iong,

(13.4 in.) wide

A Shyartser  (15) clained
har df aci ng ‘processes with a
R!ate el ectrodes. In one case, the

igh M steel electrodes were deposited
on worn dredger buckets. In another
case, the high O casting iron elec-
trodes were deposited on worn stee

bl ades, as shown in Figure 6. The
absence of cracks and formation defects
made it possible to greatly increase
the Service durability of” hardfaced
components and reduce the production
cost. For exanple, tests on the blades
showed that their wear resistance was
virtually identical to that of those
bl ades hardfaced by brazing expensive
all oys, whereas theé cost of the forner
was almost a factor of 8 |ower.

n.
Sl'y
t he
with

oW car bon

(2.8 in.)

and 340 mm

two
group of

Pl asnma- El ectrosl ag Deposi tion

A pl asna- ESS nmet hod was reported
Bat akshev et al. (16) to de-
h purity copper on |low alloy
carbon sfeels, as shown in Figure 7.
The requirement of an auxiliary plasna
is to counteract the high conductivity
of the copper overlay.

by A F.
p%sit hi



Fig. 6 The hardfacing of buckets:
the di agram of the grocess 12 conpo-
nent, 2) electrode, 3) deposited netal,
and 4) solidification nold (15)

7
|

/\'\""\\

FIP. 7 Technol ogi cal diagram of the
pllasma- ESS nethod (16): 1) plasma
2) slag pool, 3) deposit, 4) base
metal , 5) shaping/cooling device,
6) filler netal, anhd 7) electrode of
plasma torch

~In this process, the Pllot arc is
initially ignited in the ﬁ asma torch
followed by ignition of the plasnma arc
between thé workpiece and the el ectrode
of the plasma torch. A special flux is
fed into the acting zone of the plasm
et. This flux contains elements with
ow ionization potentials (Ca, Na, Be,
etc.), which increase the stahility of

the plasma jet due to a decreasé in
el ectrical resistance. The flux soon
melts and fornms a sla% pool. \hen the
base plate is heated to a sufficiently
hl?h tenperature, the copper filler
mefal is fed into the slag pool, and
the plasma torch and the mold are noved
at the same time, resulting in the
surface overl ay.

The plasma ESS process provides a
means to control the time dependence of
heating the parent netal wthout the

use of "consumabl e el ectrodes. It also
prevents contamination of the deposited
copper. In a steady-state operation

with the oetlnun1paraneters of 450-
500A/ 55-60V and a 30-40 mm (1.4-1.6
|n.1 deep nolten slag pool, the process
could produce a 2-3 nmm (0.1 in.) thick
and 15-20 mm (0.6-0.8 in.1 wide deposit
in a single pass. The deposits of
copper are free from pores, c¢racks and
inclusions end contain no Si, W M,
and other comonly found inpurities

The strength of bonding in the deposi-
ted metal is close to the strength of
copper. The inventors (16) of this
method claimthat it could be used for
repairing casting defects and hard-
facing the surfaces of cutting tools.

Surfacing of Shaped Parts

A.var|e2¥ of exanples could be
found in the Soviet technical journals,
reporting the use of ESS for the res-
toration of worn conmponents having
conpl ex shapes. The surfacing of those
shaped parts is performed by a nodified
el ectrosl ag wel ding process. A spe-
cially designed water-cooled mold is
used to confine the molten slag and
metal pool into the desired shape.
Figure 8 illustrates the use of a
shaped nold for surfacing the teeth of
excavator buckets.

> -

Fig. 8 Diagramillustrating the ESS
of an excavator shovel tooth with
varying chenical conposition netal
1)  tooth bl ank, 2) standard head,
3) consumabl e el ectrode, 4) nold
base, and 5) frame

As K. Valits indicated (17), to
restore a conplicated shape, the energy



of the nelt nust be sufficient to en-
sure both the transfer of the melt to
the remote part of the nold end the
conplete fusion at that location., Hs
experinmental results verified that an
increase in the voltage or the current
density inmproved the quality of the
deposifed metal. However, When the
current density was excessive, the

ool could be "thernally saturate
he thickness of the deposited |ayer n
longer increased, and the risk o
short-circuiting was emnent.

sl a
d"g
0
f

For large-scale parts, the ESS
oRerat|ons were reported lasting more
than 30 hours. To ensure a high qual-
ity of the deposited |ayer, the process
must be stable and mai'ntained without
interruption. St epanov (18% poi nt ed
out that the non-uniform adhesion of
mol ten netal and the presence of a slag
skull in long term ESS coul d cause
rapi d abrasive wear and |ocal super-
heating in the tail part of the shaped
mold. “rhus, the inner surface of the
mol d has to be made of materials with
high thermal conductivity and also high
resistance to the action of nolten slag
and metal pools. In this case, copper
and its alloys do not ensure the re-
quired thermal efficiency. He reported
an application using a danping heat
conducting layer in the solidification
mol ds. e inner contact surface of
the nold was made of a less thermally
conductive alloy steel, followed by a
danpi ng heat conducting |ayer made  of
pure copper, and finally by the water-
cool ed structural steél base. This
met hod provides proper control of the
cooling rate of the deposited netal,
and ensures a uniformtenperature dis-
tribution in the nolds.

Surfacing of Thin-Walled Conponents

Mil ti-electrode surfacing usually
nmekes it possible to deposit, in a
single pass, a layer of metal having
the required thickness and width nearly
equal to that of the components. Al -
though jts use for thin-walled conpo-
nents risks the p033|b|I|t% of burnin
through, a report fromthe Tashken
Institute of i lway Transport Engi -
neers claimed the devel opnent of a
successful example for the ESS of the
friction wedge of the danper of maPons
whose maximum wal | thickness was only 5
to 6 M (6 0.2 in.) (19),
Figure 9.

as shown in

] In this process, nine electrode
wires (each 3 nm[I/8 in.] in dianeter
are deposited sinultaneously, and an
(not specified in that paper, but be-
I'i eved) power source with a hard exter-
nal characteristic is used. The main
paraneters of this process include: 32
volts, an electrode feed rate of 0.51
i hr gzo infhr) and a surfacing speed
of 1.8 mhr (70 in/hr).

c

A few factors
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Fig. 9 Diagramof multi-electrode
ESS of vertical surface of the friction
wedge of the danper of a wagon
axes of electrode, 2) slag pool
) netal bath, 4) flux, 5) copper
shapi ng device, and 6) conponent (19)

are critical to prevent burn-through
defects, including the slag pool depth,
the electrode exiension, end the sta-
tlonar¥ (without longitudinal displace-
ment) teeding time of electrodes in the
initial stage of surfacing for inducin
the slag pool and the final stage o
surfacing for filling the crater. By
increasing the initial stationary feed
time, the nolten filler netal Spread
ahead of the electrode tip thermally
protecting the base netal. A wear-
resistant "layer of 6-12 nmm (0.24-0.47
in.) thick and 135 x 180 nm (5.3 X 7
in) in size is reported being depos-
ited in a single pass on the surface of
mld steel
surfaci ng Layers

r Wth Conpositiona
O adi ents

, In many cases of service, the
di fferent portions of an individua
har df aced work piece experience differ-
ent degrees of wear. The geonetri cal
| oss due to the uneven wear Teduces its
life prematurely. The rational solu-
tion to this problemis to make the
wor ki ng surface from conposite netal,
whose wear resistance changes gradual ]y
to acconmodate the differenceS in the
severity of wear at different |ocations
on the workpiece. By producing a part
that wears uniformy, the functiona
life of the part is I'engthened.

_Shyartser (20,211  devel oped a
speci al " surfacing process to provide a
wear gradient for an excavator shovel
which“is illustrated in Figure 8. In
service, the aprasive wear on jts rear
face increased substantially from the
tail end of a tooth to its apex. In
order to extend its life, a prescribed
variation in chenical conposition of
the deposited metal was obtained by
depositing a special conposite elec-
trode which consisted of two dissimlar
metal s meeting along an inclined plane
(Figure 10). “In thi's case, the
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Fig. 10 Two conposite el ectrodes
designed to provide surfacing |ayer
with conpositional gradient (20,211

el ectrodes consisted of a high M steel
and a high chromumiron. A calcula-
tion hadto worked out for determning
the conmbination ratio of electrode
materials to obtain an overlay with the
desired gradient in chenical conposi-
tion. As illustrated in Table Il, the
surfacing deposits adjacent to the
front face of teeth were a wear-
resistant Cr iron, changing (towards
the rear face) into a hlgh M steel.
In service, those hardfaced teeth main-
tained a consistent geonmetry (21).

Recently, Culakov et al. (22
anal yzed bot'h the buffer effect of the
wel d”pool and the element transfer from
the base nmetal (or the previous depos-
ited layer) on the final gradient of
the chenical conposition. They con-
structed a nodel of the nolten sur-
facing pool and proposed ways of re-
ducing the difference between the re-
quired and actual conpositional

Table || Variation in Chemcal Co

osition and Mechani cal

variation, A programming device was
al so designed to facilitate the gra-
dient method of surfacing (23).

PROCESS DETAILS

Equi pent

The strip feed rates required for
the ESS process are within the ranges
whi ch characterize submerged arc wire
welding and strip SAS. The equi pnent
for strip SAS is essentially the sane
as that required for strip ESS (8),
schematically illustrated in Figure 1.
Thus, conventional DC constant Vvoltage
wel ding machines. capable of 1200 anps
or nore at 100% duty circle, can be
easily converted to ESS by attachi ntg a
speci‘al strip feeding héad. A few
types of strip feeding heads are com
mercially availabl e in_European coun-
tries. Cerli kon provides a popul ar
strip feeding head for strip electrodes
in the width range of 50 to 125 nm (2
which”is made by Soudonet al

to 5in.) .
Conpany of Bel gium

~ The popular strip feedi n\? head is
basically an inproved MAGLAY process

device originally devel oped by Kawasaki
Steel . The wheel s and cournt erwheel s
provi de pressure and guide the strip
Into the feeding nozzle. Both the
pressure and the gap are adjustable to
allow variation 1n the thickness. of
strips. A pair of nagnetic sol enoi ds
are fitted along the sides of the strip
feeding nozzle. = The magnetic intensity
of the sol enoids can be adj usted se[:)a-
rately b¥ a_control box to ensure the
desired Tluid flow characteristics of
the overl ay.

Direct current, constant voltage
(DC-C\/% power sources are recomended
for ESS.

: Surfacing is always carried
out using reversed polarity (the strip

Properties of Deposited

Metal fromthe Front to the Rear Faces of Teeth Shown in Figure 8 (23)
. Content of % o
) Di stance from Coef fi ci ent
speci men Front Face ] of Wear
No. m (in.) c cr Mn Si Ni Vb HRC Resi stance
1 10 (0.4) 3.0 20 1.5 1.0 1.5 | 1.0 | 50 4.3
2 30 (1.2) 2.7 16 3.8 0.9 1.2 | 0.8 | 46 3.2
50 (2.0) 2.3 12 6.1 0.7 0.9 [ 0.6 | 38 2.8
4 70 (2.8) 2.0 8 8.3 0.6 0.6 | 0.4 ] 32 2.2
5 90 (3.6) 1.6 4 11,0 0.4 0.3 | 0.2 ] 26 1.8
6 110 (4.4) 1.3 - 13.0 0.3 - 1.3

HA-3



electrode is connected to the positive
termnal of the power source) In order
to ensure adequate fusion to the base
netal.  Since the optimal current den-
sity for ESS is around 40 A/mi, the
output rate of power sources at a 100%
duty cycle should neet the follow ng
mni'mum load handling requirenents:
1250A for 60 x 0.5 rrm?2.4 x 0.02 in.
strips: 1800A for 90 x 0.5 mm (3.5
0.02 in. ; and 2400A for 120
0.5 n . 0.02 in.) strips (8). |
practice, such high current |levels ar
usual ly obtained by connecting two
power Sources in parallel.

—
w
~

X
X
n
€

Fl ux Chenmistry

~The flow of electrons in a sur-
facing or welding process may take
pl ace either through an arc or “nolten
slag depending on the relative conduc-
tivity of the medium through which the
el ectrons_ pass. In strip ESS, it is
very critical to establish stable ohpic
(arcless) conduction of electricity
through’ a shallow slag pool of only
about 20 nm (0.79 in.) depth. _ other
factors which are essential in ESS are
the wettability of the slag,
profile, the sl'ag removal, the recovery
of alloying elenments, and the reduction
of gas generating conponents.

To maintain a stable electrosla
nmode through a shallow slag, a specia
flux conposition had to be devel oped.
Such fluxes must provide greater elec-
trical conductivity than would be
needed for normal electroslag welding
of the same plate material.” Adding
|arge quantities of fluorides, mainly

. and NaF and/or senmiconductors,
such as TiO, and FeQ, can greatly raise
the electracal conductivity of "nolten
slag without risk of generating_arcs.
However, large quantities of "TiQin
Sla% cause a deterioration in the de-
tachability of the slag. Therefore,
additions of fluorides are nore prefer-
able (8)

The level of electrical conductiyv-
ty of slag is closely related to the
| Uoride content in the flux, as illus-
rated in Figure 11. The IIW{(Inter-
ational Institute of Wl ding) Document
I1-A-4-81 (24) described the effect of
al cium and sodi um fluoride additions
n the electrical conductivity of the
Ca0-3SiO-Al,0 ternary system end
ndi cated that when the fluorides were
| ess than 40% (bal ance ternary), the
subnerged-arc node prevailed: and when
more than 50% fluorides, the electro-
slag mode prevailed. In terns of the
el ectrical conductivity of the slag,
this corresponded to a transitiop rangqe
of 2 to 3 ncm’. Above 3 n cmi
a stable electroslag node is easily
achi eved. However, “to restrict the
generat ion of fluoride ty§)_e gases (due
0 a reaction: 2CaF,+ "SIQ+ 2Ca0 +

|
f
t
n
X
c
0
3
|
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Fi?. 11 Effect of fluoride content in
lux on electrical conductivity and
current con,ductlon(tzz{ e during

Strip ESS

SiFt), additions of CaF,were usuall
hel d) at slightly less than 50% y

In Japan, fluxes for :
steel overlays are princi Ball suppl i ed
by Kawasaki "Steel and Kobe Steel ?6).
he Kawasaki XFS-150 is a fused tlux
with an electrical conductivity of
about 3 nncm' at 1700°C. It was
patented in the United States in 1984
(25).  The conposition of Kawasaki's
patented flux contains 50-60% CaF
0-20% Si Q, 5-25% CaQ and |0-30% Al,0,
n aratio of SiQfCaF,of et |east
.20 and a ratio of CaQ SiQof at
east 0.50.

—o-

In the Soviet Union, a series of
fluxes were devel oped for ESS. The ANF
series fluxes are of high fluoride
content_s_g? 50% and hl?hh el ectrical
conductivities 26). . .The AN-series
fluxes, which were originally used in
ESW are also used for The thick |ayer
buiI'd-up.  Their fluoride contents are
bel ow 25% and el ectrical conductivities
are conparatively low (26). Sonme new
fluxes were occasionally reported being



devel oped for certain special ESS proc-
esses (27). however, no concrete com
positional information was presented.

In Western Europe, fluxes EST 122
and 201 are commonly used [8]. Sone
characteristic data of these two ag-
glomerated fluxes are given in Table
I, The flux EST 122 is specifically
designed to be used for the depositions
of all types of 300 and 400 series
stainless steel strips. The flux EST
201 is designed for the deposition of
the N -base alloys, such as 825, 600,
625 and 400 (7).

In the United States. the commer-
cially available fluxes for ESS can be
ordered through Sandvik Steel or Cerli-
kon, which are basically very close to
those available in the European narket.
The Sandvik 375 welding flux is a uni-
versal flux for ESS (Table 1I1). 1ts
electric conductivity is 5 to 6 times
greater than an ordinary subnerged arc
wel ding fl ux. It can be used to de-
posi t corrosion-resi st ant cl addi ng
using 300 and 400 series stainless
st eel strip electrodes and certain
hardf aci ng el ectrodes. Fluxes suitable
for depositing nickel-base alloys are
also available in the Sandvik series
17).

In a recent study (28) of ESS with
stainless steel wire electrodes, fluxes
of the CaF,-CaO Al ,O,system were stud-
ied, It was noticed that at higher
CaF, percentages, (i.e. beyond 70%,
the process was once again that of arc
conducti on. As the percentage of the
CaF,in the flux increased, there was a
corresponding increase in the conduc-
tivity level. This, in effect, raised
the current at the sane wre feed
speed, and gave rise to burn back prob-
lens . Hence, at higher CaF,percen-
tages, arcing could be visible on the
surface of the nolten slag. On the

other hand, below 40% CaF,, the ob-
served arcing was
subrmerged-arc type as illustrated in
Fi gure 12.

8. 0=y

| Submerged
| Areing

2.0p~

CONDUCTIVITY {HHO/CH)

Exposed
table ESS| Arcing

30.0 40,0 8

Fig. 12 Effect

0.0 70.0 80.0 20.0

X LaF2

of CaF,content in

100.0

flux

on electrical conductivity and current
conduction node during wire ESS (28)

Usual |y,
conmmon  additio
conductivity |
flux. The prac

flux is of the
inverse relati
flux conpositi
probl em Si O
and slag flow
desired viscosi
control a SiQ

gases like SiF

Cag, SiQ and Al ,OQ, are

ns for optimzing

t he

evel of a CaF,-based
tice at the Oegon G ad-
uate Center (28) indicated that opti-
mzing the viscosity level of nolten
sane inportance. Si nce
conductivity and viscosity have

onshi p, adj usting

an
t he

on becones a conplex
) ) is one conpound which
has a major influence on slay viscosity

(25). Tomintain

ty, it is necessary

t he

to

/ CaF,ratio of at |east
0.2 and to avoid evolution of toxic

by the reaction:

Table |1l Fluxes Available From European Sources (7,8)
cont ent EST 122 EST 201 Sandvi k 37S
(% Al kaline & alkaline earth 50 50 50
oxides (Ca0, MO KO0, Na,0)
(5) Amhoteric & alkaline earth 25 25 25
oxides (A1,0,, TiO, Zro,
(9% Silicon dioxide (Sio,) 10 max 5 max 10
(% Fluorides (expressed in F) 30 25 30
Fl ux density (kg/dm) 0.85 0.85 0.85

Fl ux consunption rate
(kg flux/kg strip) 0.5

0.5
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2CaF,+ Si0,= 2Ca0 + SiF,

In addition, es specified by the Kawa-
saki patent (25), the mninum reguire-
ment.tor CaQ SiQratio shoul d be about

0.5 for stable ESS (Figure 13).

No formation of arc
The slag flow can be controlled

Ko formatien of arc
The slag flow can not be controlled

Formation of arc
The slag flow can be controllegd

Formation of arc
The slag flew can not be controlled

0
L.
Iy

T
”
0
L=}

[+)

50 55
Caf, (9

45 60

Fig. 13 Effect of CaF,and SiQ
content on Slay_VLSCOSItg and
process stability (25)

Fl uxes can be either bonded or
fused. The particle size of fluxes is
generall controlled to 18/ 60 nesh

eing smel ler for SAS than for ESS (7).
Because all fluxes are prone to nois-
ture pick-up, they should be baked et
250- 350 C (480-660°F) before using and
held warmin the production area.
Kawasaki claims that the ESS process is
more tol erant of noisture pick up in
the flux than the SAS process (6).
However, the studies (28) have found
that baking is necessary fof the bonded
fluxes because of their strong tendency
to absorb noisture, Mdisture in the
flux induces porosity in the overla%.
and this is especiall'y severe when the
alloy of the strip has a narrow tenper-
aﬂu%e gap between its Iliguidus and
sol I dus.

Strip Electrode Sizes

The thickness of the strip elec-
trode is always expected to be thin

enough to fdcilitate cmllnP into
rolls, in order to convenientl'y feed
cladding during ESS.  The Japanese
appear to have standardi zed the 0.4 mm
(0.016 in.) thickness for all strip
widths, This differs from the European

ractice where a 0.5 mm

I ! (0.02 in.)
hi ckness is nobst comon.
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~ The ESS process favors the "se of
wide strip as long as the capacity of
the power supply iS adequate to provide
1000- 2000 anps, = typically.  That is
because, at a given layer thickness,
the nost marked effect” of increasing
the strip width is a decrease in dilu-
tion and_ penetration. Usual Iy, the
penetration of overlay deposits is
always nore accentuated ‘et the sides of
the bead. However, the relative inpor-
tance of this localized higher penetra-
tion is | essened when (a) the strip
width is increased, and (b) bead over-
lapping is considered (8). Strip
widths of 75 mm (3 in.}, 100 mm (4
in.), and 150 mm (6 in,) are most com-
mon in Japan; while widths of 60 mm

%2.4 in), 90 mm (3.5 in.), and_120 mm
4.8 in.’) are more popular in Europe
I'n the U'S., through Sandvik Steel (7),

a variety of strip electrodes are
avail abl e comercially for ESS

Vol t age

Vol tage is perhaps the nost crit-
controlling parameter in the ESS
) In nbst ESS practice, the
wor ki ng range of voltage values is
uite narrow, because of the shall ow
%fth of the nolten slay pool (5-10 mm
[G2-0.4 in]). Forsburg (7) reported
that, for a fluoride-based flux, the
stable range is usually 26-28 volts.
\Wen the voltage is below 24 volts, it
is difficult to initiate the process
and the strip tends to stick to the
base metal resulting in short circuit-
|n? On the other hand, _above 28
vol'ts, the process starts arcing on the
surface of the flux, and slag spatter
becomes violent. Therefore, "an accu-
rate control in voltage is extrenely
i nportant. Practices et the C}e?on
Gaduate Center (28) found that the
oRtlnunlvoItage was closely related to
t

0

i cal
process.

e actual depth of the nolten slay
pool, and a stable ESS process could be
performed et 22-24 volts. In addition
It was also shown (28) that en inten-
tionally increased open-circuit voltage

is beneticial to the initiation of ESS.
Even within the stable voltage
range, fluctuations in voltage al so
affect the dilution, penetration end
geonetry of the surfacing |ayer as
sShown i'n Figure 14. By I ncreasi ng
voltage, the rising heat input in-
creases the wvolunme OF base netal
mel ted, thereby increasing the level of
penetration and altering the geometry
(wi dt h/thickness) of overlays.” Never-
theless, the dilution level "still re-
mins essentially constant or only
slightly decreases wth increasing
vol tage.
Current

) ESS has been reportedly used only
with DC reverse polarity (electrode
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Fig. 14 Influence of voltage for strip
electrode, size 60 x 0.5 mm at 1250A

surfacing current and 150 mm/min
travel speed (7)

positive). DC straight polarity re-

sults iIn an unstable operation at the

normal working current density range for
ESS, which is approximately twice that

for the SAS process.

At a given voltage and surfacing
speed, variations in the ESS current
directly affects penetration, bead
width and thickness, as shown in Figure
15. The dilution of surfacing layers
is the result of two factors--the pene-
tration into the base metal, and the
thickness and width of the beads.
Hence, the combined effects of both
factors cancel each other, resulting in
little change in the dilution.

Stable and quiet welding condi-
tions can be achieved within a given
range of ESS current. The optimum
current density for strip ESS is around
40-45 A/mm* (26-29 KA/ina®). At the
higher values of current density, the
amount of slay spatter increases and
the depth of the slay pool has to be
raised to stablize the operation.

Travel Speed

At a given welding current and
voltage, increasing the travel speed

11A-12

Dilution
(%)
15
10 :Tr—
s
FPenetration
(mm)
1.5 7
1.0 =
Bead width
{mm) 70
/
./
85
Bead )
thickness 6
(mm} //‘
Y
5 >
4
1100 1200 1300 21400
Current (i)
Fig. 15 Influence of current for strip

electrode size 60 x 0.5 mm at 26V and
150 mm/min travel speed (7)

tends to increase dilution and penetra-
tion, while decreasing bead width and
thickness, as shown in Figure 16. In-
creasing the travel speed 1in effect
reduces the heat input and, thereby,
decreases the electrical conductivity
Of slag. The ESS process can only be
stable when sufficient contact area
between the molten slay pool and the
melting strip is maintained. An  ex-
cessively fast surfacing speed pa

cause the strip to be in contact wit

cold flux or insufficiently heated
slag, thus resulting in sporadic arcing
and process instability.

In general, the travel speed
should be optimized for both economy
(fast speed) and an adequate thickness
of surfacing layer (about 4-6 mm [z 0.2
in.]) (81. Excessive travel speed
results in not only a bead thickness
less than 4 mm, but also in the risk of
the formation of undercutting. On the
other hand, too slow a travel speed
results in a bead thickness above 6 mm.
Then, the wetting angles of beads be-
come too steep and slay entrapment may
occur at the overlaps. In general, the
optimum travel speed range is about
160-200 mm/min  (6-8 in/min), which
results in about a 10% dilution level,
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Fig. 16 Influence of travel speed for
strip electrode 60 x 0.5 nm at
1250A and 26V (7)

and consumes about 0.15 kJ/ mf (96
kJ/in®) heat input (28).

Ot her ESS Par anet ers

The strip extension, i.e. the

conventional ly called "stick-cut" (ft he
free length of the strip extending from
the contact jaws to the slag poolg), is
not critical "in this process. Usually
it my vary from25-40 mm(1-1.5 nm
72. “However, the greater the strip
extension, the greater will be the
deposition rate for a given setting as
in normal wel di n% opérations due t
ohnmic heating of the filler strip.

] The depth of flux burden should
%ust cover the strip extension or up to

mm over the extension |ength. Typi-
cal flux depth ranges from 30-45 nm
(1.2-1.8in) (7). f the flux is too
shal low, arci nﬂ devel ops as the slag
depth is less than the arc gap" for the
gi ven voltage and conduction through
fhe slay is "open-circuited".

0

~ The limtation of parent netal
t hi ckness depends on the heat input
during ESS and the width of strips
used. = Forsburg (7) reported that in
order to ensure sound ESS with a 60 x
0.5 m (2.4 x 0.02 in) strip, the
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ni num parent _netal thickness is 40 mm
n.)y. The m ninum di aneter of
rved surface for ESS with the 60 x
5 mmstrip electrodes is 250 mm (10
or_ external surfacing, and 450 nm
in.) for internal surfacing. This
ideally suited for the rebuilding of
propel | er shafts. Practices at
dOrtta on Graduate Center (28) have
y
X

—

=
0o
f—n

oSS wvw
c®_~

e above limtation was rela-
conservative. For exanple, with
0.5 mmstrip, ESS could be per-
formed on 25 mm (1 in.) thick plates.

QUALI TY CONTROL
Stability of Process

e~

Al though economically desirable,
the major problem associated with using
a faster surfacing speed is the stabil-
ity of the process. If the surfacing
speed is excessive, the slag pool be-
cones cold and erratic subnerged arcing
will occur.

One possible way to avoid this
trouble i's to judiciously select an
angle of inclination (downhill) for the
base plate. This causes the molten
slag and netal pool to flow slightl
ahead of the strip, thus ensuring tha
the strip is in appreciable contact
with the nolten pool in spite of an
increase in the surfacing speed.

The inclination angle of the par-
ent nmetal also affectS the dilution
| evel of surfacing |ayers, as shown in
Figure 17. It has beén recognized that
the downhill pgsition slightl'y favors a
decrease in dilution, which is somne-
times inmportant for the quality of
mcrostructure of single pass deposits.

As mentioned above, the current
and voltage of the ESS process can only
vary within a narrow range. Mintain-
ing optinmum power paraneters is very
critical in order to continue a stable
surfacing process. |If disturbances in
current or voltage can be nonitored and
recorded, a coefficient. of stability
could be used for quantitative deter-
mnation, which has been used in the
Sovi et Union since 1962 (11,29).

The electrode inclination angle
also influences the dilution, the width
of bead and the thickness of overlay
{7,8, 10% as illustrated in Figures 18,
9 'and 20 Afgreater el ectrode inclin-
ation angle (forehand) results in de-
creased dilution, w der bead and re-
duced thickness. In fact, the Japanese
"HS" process (mentioned in the previous
chapter) is based on this principle.
\When attenpting to increase the sur-
facing speed for better economy, this
geonetrical paraneter becomes extrenely
I nportant. At a greater electrode
angle, sl aq_bls pushed ahead of the
el ectrode. nce, care must be taken
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when selecting the electrode angle,
particularly when the curvature or the
inclination angle of the parent metal
is also being considered.

Residual Stresses

Surfacing stresses are principally
induced by shrinkage of the overlay
during solidification. These stresses
may result in cracking, deformation,
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Fig. 19 Effect of electrode angle

on dilution (10)
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Fig. 20 Influence of electrode angle
on the bead width and thickness (10)

disbonding and reducticon in designed
resistance to wear and corrosion, as
summarized by Babiak (30,36).

The value of stress induced in the
surfaced parts depends on the degree of
solidification shrinkage, the differ-
ence in coefficient of thermal expan-
sion between the filler metal and base
metal, and the phase changes occurring
in the surfacing materials. To simpli~
fy this complex problem, the residual
stress developed in overlays can bhe
classified in three categories:

{1) surfacing a massive part of soft
steel with a nonhardening mate~
rial. The surfacing layer and the




heat affected zone of the parent
metal are stressed in high ten-
sion, whereas the parent netal i

contact with the overlay is in
conpressi on £F|gure 21). ~ A good
exanpl e of this case is the clad-
ding of m)d steels wth a
corrosion-resi stant stainl ess
steel coating.
Heat aHecied 20ne
Soft marerial AN

~
R T G TR R G
Gl

']

Soht sleel-/

Fig. 21 Stresses in a
carbon steel surfaced
alloy (30)

o

of |ow

nt
a soft

Surfacing a mld steel with a
har denabl e _
§ﬂﬁ@§7ﬁ§7TEr7?ﬁOSIIe to those
of case 13s _shown in Figure 22.
Here the surfacing layer is in
conpression while the base neta
is In atensile state of stress.
This situation is comon for some
hardfaced parts.

1)

Hardened one
Hargeneable material \

—

Ll

et R R

-
Soft steel
FjP. 22 Stresses in a conponent of
mld steel surfaced with hardenable
material  (30)

(3) Surfacing a hardenable steel with
an_austenitic_altoy. The Stress
States can becone very conplicated
(Figure 23). The surfacing |ayer
i's Subjected to tensile state” of
stress. The hardened part of the
heat affected zone is subjected to
?reater conpressive stress. Bel ow

his hardened layer in the heat
affected zone, stresses

tensile

n
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appear to be enhanced. In the
part of parent netal farthest away
fromthe surface overlay, the
stress state becomes conpressive
once again.

Heat aliected zone
Austenilic alloy

-—-I'
[

Hardened tone

—
Hardenable s:ec!/

Fi%. 23 Stresses in a canponent of
ardenabl e steel surfaced with an
austenitic alloy (30)

Bl askovic (13)

reported measure-
ments of

| stress in the ESS layers de-
posited by the dual strip nethod. It
was show' ‘that annealin {%20°C720hr +
650°C/ 10hr) eliminated the stress peak,
but % tensile stress zone still re-
mai ned.

The actual values O stresses
depends on a variety of factors. Anong
them are the surfacing procedure, the
consideration of the internediate |ayer
and the stress state of surfaced parts
in service. Tomnimze the harnful
residual stresses in surfaced work
pi eces, the followi ng are recomended:

11) The proper selection of both the

base netal and the filler strip
materials to provide satifdactory
met al | ur gi cal bonding and the

desired chenical and mechani cal

properties;

(2) The selection of process param
eters, such as the travel speed
the heat input, and the nunmber of
passes to produce the required
dilution, penetration and bead
shape;

(3) The possible application of an

intermediate layer with transition
chem cal  conpoSition and proper-
ties having the strength and ther-

mal expansion properties to buffer
the undesirable . nmetallurgical
properties of a direct bond be-
tween filler netal and parent
netal ;

(4) The cost-effective "se of preheat-
ing for the parent metal only when

necessary.



Di shandi ng Probl em

, Since the surfacing process nam
invol ve depositing a |ayer of materia
having different chenical conposition
and nechanical properties (particularly
the thermal expansion coefficient) than
those of the parent metal, bonding
strength between the overlay and the
substrate becomes an inportant nmetal-

l'urgi cal consideration. This can be
crifical when surfaced parts are de-
signed for special environnents, such

as el evated tenperature or high hydro-
gen pressure.

For exanple, consider the surfac-
ng of steel wth the corrosion-
esistant austenitic stainless steel.
pending on the  Creq/Nigg . fatio of the
epodS|ted ayer, a duafJeffect is no-
i ced:

.—.-m_gﬂ —_

(1) Austenite grains may coarsen at
the fusion zone between deposited
metal and the base netal. This
coarse grained austenitic struc-
ture, being lower in strength, is
susceptible to disbonding. Fur -
thernore, for applications in
severe chemical or nuclear en-
vironments, diffusion of hydrogen
to the grain boundaries also pro-
duces a weakening of the fusion
zone structure, which once again
| eads to disbonding (31)." To
avoid this, it is desirable to
limt the austenitic grain coars-

in

ening to 0.5%  The cCoarse grai
ercentage is defined as ™ tl
ength of the austenite grai
boundary, which is parallel to th
fusi on” boundary, divided by th

| ength of the fusion boundary, T
achieve this, a Cregq/Nie ratio o
al least 1.85 js used,*hccordin
to the Kawasaki Steel Europea
patent, as shown in Figure 24 F31)
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Fig. 24 Effect of Crag/Ni ratio on
! coarse grain percgﬁt‘aggq(fﬂl)
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(2) The percentage of delta ferrite
resent in the fusion zone is a

unction of the Creq/Nieg ratio.
Al'though, the presénce 5f delta
ferrite has a bheneficial effect of

preventing both hot cracking and
precipitation of grain boundary
carbides, it can also transforim
into the sigma phase at 500°C or

above. The presence of the sigma
phase |leads to disbondi nq, as
well.  Thus, the acceptable Tevel
of the delta ferrite content is

and this is once
by maintaining a
ratio of at |east
bg the standard
(31).

about 8 to | O%
agai n achi eveg
Cr/ N equival ent
1.85, as predicted
Schaef fl er diagram

1" Japan, a nunmber of research
projects were devoted to. hydrogen-
I nduced disbonding susceptibility in
pressure vessels made of 2-1/4C - 1M

steel with an austenitic stainless
steel overlay deposited b%/ strip ESS.
Tanaka 110) clainmed that the Kobe Steel

Ltd. HS process could inmprove the djs-
bondi ng probl em This mpr_oved di s-
bondi ng resistance was attained by a
greater cooling rate and nuch_finer
grains near thé interfaces,. The HS
process inhibited the devel opment of
coarser grains in the heat affected
zone of the base netal, and night be
effective in the prevention of ‘under-
clad cracking or cold cracking. The
Japan_ Steel Works |ong-term studies
32-35) considered that the surfacing
parameters hardly affected the disbond-
Ing resistance of surfaced parts. . For
exanpl e, austenitic/mrtensitic
dupl'ex structure provided the overlay
| ayer with good disbonding resistance,
which was obtained by nodulating the
rocess in a manner sinilar to the Kobe
teel "HS' process. Thety clained the
resi dual stress in he  through-
thickness direction at the bond between
the first layer deposit and the base
metal was snaller than that of the
conventional ESS. The | ow residual
stress provided an ESS technique that
could produce overlays with good dis-
bondi ng resi stance.

APPLI CATIONS OF STRIP ESS

_Presently, strip ESSis entirely
foreign technol ogy, which has further
wi dened the construction cost gap be-
tween the Asian shipyards and U S.
shipbuilders.  However, ~utiljzation of
this foreign technol ogy and the sub-
stantial inprovements _in strip ESS
anticipated at the Oegon Gaduate
Center will enhance the econom c posi-
tion of US. shipyards to rebuild worn,
eroded or redesigned structural ship
conponents, such as Iargge Propeller
shafts, rudder horns, strut shafts,
deeply corroded portions of the hull,
hawse pi pes and |eading edges of rudder
castings.



~ This process, though fully auto-
matic, is also portable in the shipyard
when a conventional |and inexpensive)
carriage systemis used to nobilize the
strip ESS'systemin renote |ocations.

A tgp| cal carriage system can handl e
1500 anps and can pull power cables 30
m (100 ft.) long while being either

trz(ack or manual |y guided. These car-
ri age systems havé been commercially
manufactured in the United States for

manP/. years for Submerged arc welding
applications, particularly in ship-
yards.

CONCLUSI ONS

‘Based on a computerized search of

the international technical journals on

the subject of electroslag surfacing, a

critical review was perforned and the

foll owi ng can be concl uded:

1. ESS with strip electrodes is the
nost economical and productive
method to overlay a wide variet
of corrosion and/or wear resistan
deposits on Structural ship com
ponents, such as propeller shafts.

2. The highest deposition rates com
bined with the |owest base netal
dilution are characteristic of ESS
with strip electrodes conpared to
conventional  surfacin met hods,
such es strip SAS, GVAW and SMAW

3. The doninant thick-section surfac-
ing process in Japan, the Soviet
Union and_ several European coun-
tries is ESS

4, Neither US. shipyards nor US.
manuf act uring i ndustries have
adopted the "ESS process. Conven-

tional surfacing nmethods are still
utilized in the U S.

5, Technicall¥], the key difference
bet ween the new y-devel oped ESS
process and othér simlar pro-
cesses, such as SAS and ESW is
the flux chemstry.
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